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ABSTRACT 
One of the objectives of the present study was to investigate 
the histological response of the hemisected adult rat spinal cord 
in the presence or absence of cultured astrocytes. Morphological 
and biochemical methods were applied to assess whether implanted 
astrocytes could exert an effect on neurite growth. Adult 
Sprague-Dawley rats were anesthetised with Nemkxital (50 mg/kg) and 
the spinal cords were hemisected at the L3 level. Astrocytes 
(95-98% purity) were obtained from neonatal rat cortex and 
introduced into the lesioned spinal cord either in suspension 
injection (HA group) or cultured on gelfoam (HAG) first. The 
control groi:^ were rats which had hemisection with injection of 
culture media (HH) or with gelfoam grafted alone (EG)。 
At different time points after surgery (2 weeks to 2 months) 
the spinal cord was removed and processed for routine light and 
electron microscopy, gel electrophoresis, immunoblotting and 
immunofluorescence staining. Decreased GFAP immunostaining and 
volume of scar tissue over time were found in all groi:^ indicating 
that the spinal cord underwent gradual recovery. However, as early 
as two weeks, and thereafter, a significantly smaller volume of 
scar tissue was consistently found in the experimental groups。 
This is also reflected in the inimunoblotting v M c h showed decreased 
amount of GFAP in the experimental group。 
Ultrastructural observations of the area around the lesion 2 
months after surgery showed that the experimental group had 
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more neurites and synapses, agreeing with the observations on the 
iinmunostaining for NF and also the immunoblotting. However, PHAL 
labelling of the iitplanted astrocytes showed that they migrated at 
a rate of 0.6 mm/day from the original irrplanted site. The results 
therefore suggested that the cultured astrocytes probably exerted 
their effect over a ^ o r t time period (less than 2 weeks) around 
the lesion site. They could have altered the microenvironment and 
as a consequence less scar tissue was formed. Hence, there was 
less barrier to the regrowth of nerve fibres. 
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I• Introduction 
Fibre tracts of the rat spinal cord 
The spinal cord (SC) plays an important role in conducting 
impulses between the brain and the peripheral nervous system. 
The gray matter of the SC contains a large number of neurons 
and their dendrites in addition to even larger number of neuroglial 
cells. However, the white matter consists mainly of myelinated 
axons. The pathways in the white matter are divided into ascending 
and descending g r o ^ . The positions of some important ascending 
and descending pathways are indicated below (Grant, 1985; Tracey, 
1985): 
The dorsal columns contain both sensory and motor pathways in 
rats (Fig.l) . The former are the tracts of the gracilis and 
cuneatus fasciculus. The latter is the fibres of the corticospinal 
tract (CST) • In rats, the majority of crossed fibres in the CST is 
limited in the ventral most portion of the dorsal column of the SC, 
after decussating in the caudal medulla. These axons descend and 
terminate in the dorsoinedial part of the dorsal horn at all levels 
of the SC. The uncrossed CST is small but easily identifiable in 
ventral SC in the rat cervical region. More caudally the tract 
becomes less distinct. 
In lateral part of the SC, two of the sensory pathways are the 
dorsal and ventral spinocerebellar tracts (DSC and VSC) • The motor 
pathway is the rubrospinal tract (RST), v^ich projects its axons in 
the dorsolateral fasciculus of the SC. The tract terminates in the 
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ventrolateral aspect of the dorsal h o m and intermediate portion of 
the ventral horn throughout the entire length of the SC。 
In the ventral \ftMte matter of the SC, the cells of origin of 
spinothalamic tract are generally located in the dorsal horn, and 
their axons cross within a few segments to ascend directly to the 
t h a l a m u s . 
If hemisection is performed in the SC, all the sensory and 
m o t o r tracts mentioned above will be severed。 
1.2。 Histopathological responses to spinal cord injuries 
The common type of SC damage may be the result of penetrating 
trauma by knives, deafferentation or excitotoxic injuries 
(Bovolenta et a l ” 1991). These injuries most often produce a 
variable degree of laceration or contusion. More seriously於 they 
cause transection of the SC with necrosis in the involved segments. 
Neuronal atrophy and necrosis may appear from 12 hours to several 
weeks after axotamy in the SC (Barr and Hamilton, 1948; Barron and 
Doolin, 1969; Lieberman, 1971 and 1974; Grafstein, 1975)。 
Wallerian degeneraion was described in 1850 by Waller, A.V., 
v^o noted that vdien nerve axons were severed, the portion distal to 
the section became fragmented (Robertson and Dinsdale, 1972) . This 
phenomenon can be observed with axotomy either in PNS or CNS, 
Following physical trauma, macrophages from intact or disrupted 
vessels migrate to the injury site in response to the influence of 
chemotactic stimuli. The macrophages form about 15% of the 
proliferating cells at two weeks post-lesion (Adrian et al., 
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1978) • T h e axonal fragments are subsequently digested by 
macrophages and the degenerating myelin sheath is transformed into 
a chain of lipid droplets. Following necrosis and removal of cell 
debris, cystic cavities are created in a region 2 mm rostral and 
caudal to the lesion site (Robertson and D i n s d a l e , 1972). 
Several studies report that the most common proliferating 
cells following transection of the SC or optic nerve are the 
microglia (Adrian and William, 1973; Adrian et a l” 1978; Privat et 
a l” 1981). In the transected SC at two weeks post-lesion, the 
m i c r o g l i a form 50% of the dividing cells. 
A t t h e same time that microglia and macrophages are 
proliferating at the lesion site, a fibroglial scar begins to form 
(Lairpert and Cressman, 1964; Mattews et a l” 1979; Feringa et a l ” 
1980； Guth et al., 1980)• Astrocytes proliferate resulting in 
dense aggregates of astrocytic processes which contain large 
amounts of glial fibrillary acidic protein (GFAP) (Lampert and 
Cressman, 1964； Feringa et al., 1980) . The resulting astrocytic 
gliosis prevents regenerative outgrowth (Lieberinan, 1974). 
Besides the cellular events observed at the axonal lesion 
site, chroinatolysis is seen in the cell body as early as two days 
post-lesion. The cell soma becomes swollen, the nucleus migrates 
to the perijAiery, and the nucleoli enlarge (Robertson and Dinsdale^ 
1972) • Subsequently, the Nissl substance disintegrates and the 
perikaryon becomes highly eosinophilic. This abnormal morphology 
may persist for many months before neuronal death occurs (Cajal, 
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1928; Nathaniel and Nathaniel, 1973; Egan et al., 1977; Shamboul, 
1979)o 
1.3. Failure of CNS regeneration 
There are different stages during nerve regeneration in the 
PNS. After axons are severed, cell bodies undergo chromatolysis, 
and axons undergo Wallerian degeneration. Subsequently, the 
morjAiology of the cell body recovers, and vigorous sprouting of 
fibres occurs at the proximal stump. Schwann cells in the distal 
segment proliferate to form long cylindrical aggregates. Axons 
grew at the rate of about 1 intn per day until they reach muscle or a 
sensory location (Ramon and Cajal, 1928; Robertson and Dinsdale, 
1972) • The time period for recovery is dependent upon the length 
of axons that needs to be reconstituted. 
As described in the earlier sections； lesions of central 
tracts either result in very limited axonal sprouting or slow 
atrophy and death of the affected neurons. Several possible 
explanations have been put forward to account for this failure in 
regeneration. 
Intrinsic inability of CNS neurons themselves to regenerate 
Clark (1942 and 1943) observed that axons of the CNS failed to 
grow into grafts of peripheral nerve and concluded that central 
neurons are incapable of regenerating their axons. Clemente 
(1964) f however, found that neurites in the transected SC did 
sprout at first, but no complete synapse reconstruct ion of the 
nerve tissue was established. Cajal (1928) found that the proximal 
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stunps of severed axons sprouted at first, but they degenerated 
about one month after the initial vigorous regrowth. Lampert and 
Cressman (1964) confirmed these findings after noting the same 
results in the thoracic SC of adult rats following total 
laminectoiry. It appears then that central nerve fibres are capable 
of regrowing initially. Accordingly, specific environmental 
factors have been proposed to argue for the lack of axonal 
r e g r o w t h . 
Inappropriate synapse without normal functioning 
Bernstein and Bernstein (1969 and 1971) transected the SC of 
the goldfish and examined the ultrastructure 1 - 3 months 
post-surgery. These studies revealed that the regenerated central 
axons of the SC had grown out of their original tracts for only 
short distances. The fine tips of these axons had short terminal 
boutons that formed axo-axonic synapses with each other. The 
neurons appeared, at least in part, to be inhibiting their own 
growth by the inappropriate formation of synaptic junctional 
c o m p l e x e s . 
Progressive necrosis and cystic cavities 
Progressive necrosis and cystic cavity formation are often 
considered reasons for an abortive attempt at regeneration (Kao, 
1974). Guth et al. (1981 and 1983) demonstrated that one way of 
minimising necrosis and cystic cavity formation was to use 
hibernating animals for SC lesion studies. In hibernating animals, 
numerous body functions including collagen synthesis and 
-5-
immunological responses are depressed (Landau and Dawe, 1958; Lyman 
and O'Brien, 1960) • Consequently, in their studies in which they 
transected the midthoracic SC of hibernating squirrels, minimal 
necrosis was obtained. The histological alteration in the SC 
showed loose accumulation of macrophages and little collagenous 
scarring in the lesion site. At the same time, they observed 
extensive regeneration of intrinsic SC and dorsal root fibres. 
Autoimmune explanation for the failure of regeneration 
It was suggested by Feringa et al. (1973) , Berry and Riches 
(1974) that damage to the brain or the SC leads to the breakdown of 
the blood-brain barrier. Thereafter, the CNS autoantigens become 
exposed to the immune environment. The exposed antigens bind with 
humoral and cell-bound antibodies at the lesion area. It is 
possible that the resulting antibody-antigen complexes hinder the 
regeneration of axons in CNS, Uilike CNS, successful regeneration 
in PNS is due to rapid ^lagcxzytosis and denaturation of antigens by 
the Schwann cells surrounding the degenerated axons (Berry and 
R i c h e s , 1974). 
Glial scarring 
Glial scar is formed as a result of hypertrophy and 
proliferation of astrocytes, particularly fibrous astrocytes 
adjacent to the lesion site (Latov et al., 1979) • This has been 
verified ky inirnunohistcxdiemical and autoradiographic studies which 
demonstrated that uptake of radiolabelled thymidine was present in 
h i ^ l y iinraunoreactive GFAP-positive fibrous astrocytes (Latov et 
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a l” 1979) . In studies involving hemisection of the SC, light 
microscopic observations suggested that the reactive astrocytic 
gliosis acted as a physical barrier to the regeneration of the 
lesioned SC axons (Chambers, 1955; Windle, 1956; Guth et al., 
1 9 8 1 ) . 
A b s e n c e of Schwann cells in the CNS 
In the PNS, the arrangement of Schwann cells and their 
basement membranes provide a guiding structure for regenerating 
axons (Arteta 1956). Experiments which demonstrate that retinal 
ganglion cells can regenerate in peripheral nerve grafts indicate 
that Schwann cells play an important role in helping the nerve 
fibres to regrow (Anderson et a l ” 1983； Berry et al, ； 1988) • 
Optic axonal regeneration through a freeze-dried sciatic nerve 
graft was delayed until the graft had been invaded by Schwann 
cells. Hence, the absence of Schwann cells in the CNS may be 
p a r t l y responsible for the lack of regeneration, 
Schwann cells secrete substances such as laminin and nerve 
growth factors which are trophic to axonal growth after injury 
(Kiernan 1979). Laminin, one of the matrix glycoprotein, is 
secreted by iitimature and cultured astrocytes (Liesi et a l ” 1983) • 
Cotponents of the extracellular matrix have been implicated in the 
regulation of axonal growth. This indicated a role for laminin in 
the development of the CNS. Chiu et al. (1991) confirmed that 
laminin was a potent promotor of neurite outgrowth in cultures of 
b o t h central and peripheral neurons, 
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Lack of requisite growth factors 
Neurotrophic factors can stimulate axogenesis and facilitate 
the growth of the fibres to the target (Kiernan, 1978; Varon and 
Bunge, 1978). Berry (1979) suggested that nerve growth factors 
were absorbed by growing axons and conveyed to the perikaryon by 
retrograde transport v^ere their actions on protein synsthesis were 
effected. Nerve growth factor (NGF) exerts a remarkable growth 
effect on developing sympathetic and sensory neurons and 
regenerating monoaminergic neurons (Bjerre et a l ” 1973) • It has 
been i^own that specific antiserum to NGF inhibits regeneration of 
monoaminergic neurons in the cortex (Bjerre et al., 1974) and also 
optic nerve fibre regeneration (Glaze and Turner, 1978)• 
NGF-administered rats showed improved functional recovery of 
superior cervical ganglion neurons following axotomy (Hendry； 
1975). 
Other neurotrophic factors such as astroglial and fibroblast 
growth factors have been found to enhance the long-term survival in 
vitro of embryonic chick SC neurons including motoneurons (Unsicker 
et al., 1987) « They also have mitogenic and differentiation 
-promoting effects on glial cells (Unsicker et a l ” 1987) . In 
addition, FGF has been reported to enhance the regeneration of 
dc^>aininergic fibres in the striatum and to increase the survival of 
retinal ganglion cells after optic nerve lesion (Sievers et a l” 
1987; Baird and Walicke, 1989)• 
1.4. The use of transplants 
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Transplants of fetal nerve tissues 
Fetal transplants show premise in the repair of brain injury. 
Transplants of fetal SC and cortex into adult rat SC generally 
survive better than transplants of other tissues, probably because 
the inherent capacity for cell division, growth and differentiation 
facilitate integration (Bernstein et ale 1984)• 
Reier (1985) pointed out that fetal SC implants formed a 
bridge for neurite growth by serving as a possible source of 
trophic stimuli. They may also establish appropriate neuronal 
relay circuits between the isolated stumps of the SC by replacing 
damaged intraspinal neurons. Reier et al. (1986) found that over 
80% of the grafts of embryonic SC survived for 1-16 months in 
intraspinal cavities produced by partial lesion of both the 
neonatal and adult rat SC. Host nerve fibres were pre-labelled 
with wheat germ agglutinin~conjugated horseradish peroxidase 
(WGA-HRP) in order to trace their growth into the donor tissue. 
These embryonic SC transplants were observed to have the potential 
to restore same anatomical continuity between the isolated rostral 
and caudal stumps of the injured mammalian SC. 
In Houle*s study (1992), fetal tissue was transplanted after 
first removing the scar resulting from the hemisection of the SC. 
Growing fibres from the host were able to penetrate into the 
graft. The transplant also limited the extent to which a new scar 
w a s formed in response to a second injury to the SC. 
However, another result itay be obtained if the type of injury 
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and source of fetal tissue are different from what is described 
above. For exaitple, N o m e s et al. (1983) and Reier (1985) reported 
that transplants of embryonic brainstem into the denervated adult 
SC of rats acted as a source of neuron rather than a bridge or 
relay. The transplants were suspected to be partly responsible for 
some functional recovery - an enhancement of hindlimb flexion in 
adult r a t s . 
Transplants of peripheral nerve tissues 
Clemente (1964) considered that success in peripheral nerve 
regeneration resulted from the existence of some substances 
secreted from the Schwann cells. These factors possibly influenced 
the regrowth of CNS axons. When degenerated pieces of sciatic 
nerve were inserted into the cerebrum, extensive growth of central 
fibres into the graft after two weeks could be found (Clemente 
1964)» 
More recently, experiments using neuroanatomica 1 tracing 
methods have shown that the grafts of autologous peripheral nerve 
can promote the regrowth of same intraspinal fibres (Richardson et 
a l . , 1982). 
Houle (1991) showed conclusively that axotomized neurons in 
the SC were able to regenerate if they were confronted with a 
peripheral nerve graft. In his experiment, he made several 
penetrating lesions with a sharpened tungsten wire in the rat 
lumbar SC. Next, true blue (TB) was introduced into the lesion 
site and it was taken up by the axotomized neurons. Seven days 
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later, a portion of the SC containing the glial scar was aspirated 
and segments of tibial nerve were sutured to the rostral and caudal 
stuitps of the SC. Four weeks after, when nuclear yellow (NY) was 
introduced to the distal ends of the peripheral nerve graft, 
positive labelling was found in some neurons in the SC, These 
neurons were also labelled with TB indicating that these previously 
injured neurons had successfully regenerated into the peripheral 
nerve g r a f t . 
Transplants of neuroglial cells 
With the advance of research tedhniques, it is now possible to 
obtain h i ^ l y enriched populations of specific cell types. Hence, 
recent studies have explored the effects of implanting specific 
cells in CNS lesion sites, 
Kuhlengel et al, (1990) reported the survival of purified 
Schwann cells following their iirplantation into the transected SC. 
The implanted Schwann cells consistently fasciculated the 
corticospinal tract fibres. In other e5^)eriinental situations where 
the lesioned SC had been depleted of astrocytes and 
oligodendrocytes, it was found that implanted Schwann cells were 
able to myelinate demyelinated axons (Blakemore, 1983)，In 
addition, inplanted Schwann cells are also important in reducing 
central cavitation and astrocytic gliosis, thereby promoting axon 
growth (Martin et al., 1991). 
Cultured astrocytes are another cell type whose growth 
promoting prcperties have been investigated in CNS lesion studies. 
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These glial cells have several advantages: they divide and grow 
well in tissue culture and are easy to obtain. They deliver growth 
factors that might prevent further neuronal degeneration after 
damage of CNS (Strecker, 1992)« 
Smith and Miller (1991) found that glial scar formation was 
suppressed by the transplantation of purified immature rat 
astrocytes into the adult forebrain. There was only a slight 
increase in anti-GFAP staining in the region of the implant. Axon 
outgrowth was enhanced at the same time. The grafted astrocytes 
were labelled with either fluorescent beads or BSA-conjugated 
colloidal gold to p e r m t easy identification by light and electron 
microscopy• 
Transplants of central neurons 
Grafting of neurons into the adult CNS has provided a powerful 
vehicle for studying the survival and differentiation of these 
cells. Purified fetal noradrenergic locus coeruleus neurons were 
transplanted into the adult rat hippocampus from which the 
noradrenergic afferents had been removed by injection of bilateral 
6-hydroxydopainine (6-OHDA) • 4-8 months later, antibody against 
tyrosine hydroxylase or noradrenaline was used for 
iinmunohistochemistry. The noradrenergic axons were found to grow 
into and spread the host hippocampus from the implant. These 
fibres formed synaptic contacts with nonlabeled spines and shafts 
of dendrites in the host by EM. They received abundant host 
afferent input from nonlabeled axon terminals (Murata et a l ” 
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1990). 
Various methods have been successfully used to demonstrate the 
possibility of morpho-functional integration of grafted nervous 
tissue with host brain. Spontaneous and evoked activity of neurons 
in neocortical grafts were observed to be present. Integration of 
the transplant and host neuropil was shown. 
1 . 5 . Objectives of the present study 
One of the objectives of this study is to compare the 
histological response of hemisected adult rat SC in the absence or 
presence of cultured neocortical astrocytes. Cultured astrocytes 
are introduced into the lesion site either as a cell suspension or 
as a pellet of gelfoam infiltrated by astrocytes. Following 
various periods of survival, light microscopic observations are 
made on the tissues and cells involved in the fonnation of reactive 
gliosis at the trauma region. The extent of scarring is measured 
in both the experimental and control groups. 
Immunofluorescence methods are applied to identify the 
inplanted astrocytes and also to demonstrate any resulting neurite 
growth. Electron microscopic observations are made to confirm the 
findings from the immunostaining. 
The expression of various proteins in the lesioned SC in both 
the experimental and control groups is investigated by gel 
electrophoresis and Western blotting. The latter is directed at 
proteins specific for axonal regeneration. On completion of this 
project, one would have a better understanding of the influence 
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exerted by implanted neocortical astrocytes on regeneration. 
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I I . M a t e r i a l s and Methods 
I I . 1 . H e m i s e c t i o n of rats 
Three hundred and seventeen adult female Sprague-Dawley rats 
weighing about 300 grams were anesthetized with 2% Nembutal 
(SOmg/kg) intraperitoneally. All the animals underwent laminectomy 
at the first lumbar vertebral level。The ineninges of this area were 
stripped from the dorsal SC. The SC was hemisected on the right 
side at the third lumbar segment (corresponding to the first lumbar 
vertebral level) by a surgical scalpel blade (No. 11). The median 
dorsal artery served as the landmark for the medial edge of the 
lesion (Fig 2 and 3)。 
R a t s w e r e divided into 4 groups. 
1. Hemisection with cultured astrocyte suspension injected at 
t h e t i m e of lesion (HA); 
2. Hemisection with injection of Hank's Balanced Salt Solution 
(HBSS) (Sigma, St. Louis, U.S.A.) only (HH); 
3. Hemisection with implantation of astrocytes cultured on 
g e l f o a m at the time of lesion (HAG)； 
4. Hemisection with gelfoam implantation alone (HG). 
HA and HAG were the experimental group while HH and HG were 
t h e c o n t r o l . 
Following surgical manipulation, size 4-0 surgical silk was 
used to suture muscles and adjoining skin. Rats were allowed to 
survive either 2 weeks/ 1 month or 2 m o n t h s . 
IIo2， Preparation of purified cortical astrocytes 
-15-
This procedure was modified from the method of McCarthy and 
deVellis (1980) • Poly-L-lysine (PLL) (Sigma) at a concentration of 
5 ug/ml was coated on the bottom of Tissue Culture Flasks (T-75, 
Falcon, Becton Dickinson, New Jersey, U.S.A.) overnight. The 
following day, PLL was removed; the flasks were washed with sterile 
distilled water and dried for use. 
New born (1-3 day old) Sprague-Dawley rat pups were 
decapitated, cerebral cortices were isolated and the meninges were 
stripped in Miniinum Essential Medium Eagle-HEPES (MEM-H) (Sigma) 
under the dissection microscope。0.125% trypsin (Gibco, New York, 
U.S.A.) in HBSS was used to dissociate the cells, which were 
incubated at 37°C in water bath for 25 minutes。Trypsinization 
w a s stopped by trypsin inhibitor 12.5 ug/ml (Sigma) and 
deoxyribonuclease (DNAase) 10 ug/ml (Sigma) • The tissue was then 
triturated with a fire polished Pasteur pipet. The suspension was 
filtered t h r o u ^ a 72-um sterile nylon mesh, eliminated large 
cluitps of cells. The suspension was centrifuged at 1800 rpm for 10 
m i n u t e s and the supernatant was removed. The cells were 
resuspended in the culture medium which was Dulbecco»s Modified 
Eagle' s Medium (DMEM) (Gibco) supplemented with 10% fetal Calf 
Serum (Gibco), 1% Penicillin Streptomycin (Sigma) and 1% 
MEM-Vitamin Solution (Gibco) • This culture medium is thereafter 
referred to as CNS medium. Trypan blue of 0.1% concentration was 
used to determine the viability of cells under the microscope. The 
cells were seeded into T-75 flasks at a density of 1-2 x 10^ o 
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Usually, cortices from 4 animals yielded sufficient cells for 
culture into 3 flasks. The cells were cultured at an atmosphere of 
5% CO2 and 100% humidity. 
During the first 10 days, neurons began to lift off from the 
more adherent astrocytes and ramained suspended in the medium. 
After 8-10 days, the adherent cells reached confluency and were 
reac^ for subculturing. The culture medium was changed and the 
cells were washed with DMEM 3 times. The cells were shaken on 
Lab-line Orbit Environ-shaker at 230 rpm at 37^C overnight to 
remove the process-bearing top cells. The following day, the cells 
in the flasks were treated with 0.0125% trypsin。When the cells 
had contracted and begun to come off the bottom of the flasks, 
trypsinization was terminated by CNS. The cells from each flask 
were centxifuged at 1800 rpm for 10 minutes and were subcultured 
into 2 flasks at a concentration of 1 x 10^ cells/flask. The 
cells were allowed to adhere for the next 24 hours and then treated 
III ^ 
with 10-,M cytosine arabinoside (Ara-C) (Sigma) every 2 days 
thereafter for 1 week. After the last treatment of Ara-C, the 
medium was replaced with fresh CNS. At this point, a 95-98% pure 
astrocytes could be obtained at a density of 2.5 x 10^ cells / 
flask. 
To prepare a suspension for injection into the SC, astrocytes 
were treated with 0.006% trypsin and centrifuged. The resuspended 
cells were transferred to a pipet to be injected into the lesioned 
SC in 20 ul at 1.25 x 10^ cells/uL Approximately one third 
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w o u l d be lost during injection. 
To prepare cultured astrocytes on gelfoam, pieces of gelfoam 
(3厕 X 3itim X 2inm) were soaked in CNS medium, and dried on filter 
paper. Astrocytes were plated in a volume of 40 ul onto each piece 
of gelfoam at a concentration of 750 cells/ul. They were allowed 
to attach for 2 hours. After that, the culture medium, at a 1:1 
composition of fresh CNS and medium conditioned by astrocytes was 
added. After 3 days' culture, the gelfoam with astrocytes was 
implanted into the lesioned SC. 
II.3. Scanning electron microscopy 
Scanning electron microscopy was conducted to investigate the 
survival of cultured astrocytes on gelfoam prior to implantaion 
into the hemisected spinal cord. The gelfoam infiltrated with 
cultured astrocytes was fixed with 2.5% glutaraldehyde in O.IM PB 
at 4®C for 30 minutes, and rinsed with 2 changes of distilled 
water for 10 minutes each. The gelfoam with astrocytes was then 
postfixed with 1% Osmium tetroxide (OsO^) at room temperature for 
1 hour, and washed with 2 changes of distilled water for 10 minutes 
each. The process of dehydration was through a sequential 
10 — minute wasing in graded alcohols from 50% to 100% followed by 
treatment in a mixture of 100% alcohol and Freon 113. The ratio of 
absolute alcohol and Freon 113 was 4:1, 3:2, 2:3, and 1:4 for 10 
minutes each. After that, the cultured cells were dried with Freon 
23 in critical point drier and coated with gold palladium. 
Specimens were viewed under the Jeol JSM-35CF SEM at 15 k V , 
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II。4<» Histology--Light microscopy 
Animals underwent anesthetization with 2% Nembutal (50 mg/kg) 
intraperitoneally. Cardiac perfusion was conducted with 0 . 9 % 
saline followed by 10% buffered formalin. A 2.0-2.5 cm long 
segment of lumbar SC, including the lesioned area, was then taken 
out. The tissue was dehydrated in a tissue autoprocessor, 
containing an ascending series of ethanols, cleared in xylene and 
embedded in paraffin. Sections of 7 um thickness were made from 
the t i s s u e , put on slides, and incubated in a 50°C oven 
overnight. The following day, paraffin was removed with three 
5-ininute xylene washes. The sections were rehydrated in a graded 
series of ethanols followed by a rinse in tap water. After 
Hemotoxylin and Eosin (H & E) staining for 5 and 3 minutes 
respectively, sections were dehydrated in serial ethanols; and 
cleared again in xylene. Finally, they were mounted onto slides 
with Permount. 
II. 5. Measurement of volume of scar tissue 
The volume of scar tissue at the lesioned site was measured by 
the following steps. From serial sections, the first one that had 
the lesion was saved. Fig. 4 and 5 shows a typical longitudinal 
section taken from the SC. The dotted lines demarcate the boundary 
of the scar v^ose area was measured first by camera lucida drawing, 
followed by digitizing. The area of the scar on every 20th section 
was digitized. The total volume of scarring tissue was calculated 
by the following formula: 
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V = A X 7 X 20 
V: total volume of scarring 
A: total area of scarring derived by summing all the areas in each 
specimen. 
7: thickness of sections 
20: intervening sections 
II.6. Immunofluorescence staining 
Following a post-operative recovery period ranging from 2 
weeks to 2 months, rats underwent anesthetization with 2% Nembutal 
and were perfused intracardially with 0.9% saline, followed by 4% 
parafonnaldehyde(PF), A segment of the lumbar SC 2.0-2.5cm long, 
v M c h included the lesion area, was removed and stored in 4% PF at 
4°C overnight. 
Prior to sectioning, the segment of SC was frozen in liquid 
nitrogen and 10 urn-thick longitudinal sections were cut on a 
cryomicrotame (Reichert-Jung 1800) at -22°C. They were mounted 
on dry gelatin coated slides and allowed to dry。 
Polyclonal rabbit anti-GFAP antibody (R anti-GFAP Ab, Sigma) 
(1:100) was used to stain for glial fibrillary acidic protein 
(GFAP) o GFAP is an intennediate filament present in immature and 
mature astrocytes. Goat anti-rabbit immunoglubulin(IgG) antibody 
conjugated with fluorescein isothiocyanate (FITC) (Jackson) (1:100) 
w a s applied as a secondary antibody. Monoclonal mouse 
anti-neurofilament(NF) antibody (M anti-NF Ab, Sigma) (1:40) was 
used to label for the 200,000 dalton NF subunit which is expressed 
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in nerve fibres, FITOconjugated goat antibody to mouse IgG 
(Jackson) (1:100) was the secondary antibody to M anti-NF A b . 
Unmunofluorescent staining for the neural cell adhesion molecule 
(N-CAM) was also performed. N-CAM is a glycoprotein membrane 
molecule commonly found in differentiating neurons and also 
cultured astrocytes (Chuong et a l” 1984; Wong, 1991)。 it is 
believed to play a critical role in neuronal differentiation and 
tissue patterning during development (Edelman, 1985; 1988). 
Monoclonal mouse anti-NCAM antibody against all subunits (Sigma) 
(1:100) directed at all the subunits was used and the secondary 
antibody was either TRITC or FITC-conjugated goat anti mouse IgG 
(1:100), 
Sections were fixed in 4% PF in moist chamber for 30 minutes, 
rinsed in 3 changes of 0.1 M phosphate buffer (PB), each of 5 
minutes duration• Sections were blocked with 3% bovine serum 
albumin (BSA) (Sigma) for 1 hour at room temperature (RT) in 
humidified chamber. Primary antibodies were applied to the 
sections at in a moist chamber overnight. Normal goat serum 
(NGS), acting as a blocking serum, was also applied in the same 
dilution. Ihe following day, sections were rinsed in O.IM PB 3 
times in 1 hour at RT followed by secondary antibody labelling for 
1 hour at R T . For double labelling, second primary and 
accompanying secondary antibodies were applied at this stage. 
Subsequently, sections were rinsed in O.IM PB and mounted with 
mounting media, made up of 0.4 mg/ml of phenylenediamine in 0.1 M 
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sodium carbonate solution with 4 to 8 times volume of glycerol。 
Sections were observed in a fluorescence photomicroscope (Zeiss, 
W e s t G e r m a n y ) . 
Controls were stained under the same condition as the 
experimental ones except without primary antibodies. 
Examination of the fate of grafted astrocytes 
The plant lectin Phaseolus vulgaris leucoagglutinin (PHAL) 
conjugated with FITC (Sigma) was used to label the cultured 
astrocytes prior to transplantation。 The astrocytes from each 
flask (2.0 X lo5) were incubated at 37°C for 4 hours by gentle 
agitation with PHAL-FITC (8 ug/ml) • The percentage of labelled 
astrocytes was determined under the microscope. The astrocytes 
obtained from 1 flask were grafted into 1 animal and virtually 90% 
cells from one flask were labelled with PHAL-FITC (Fig.6). 
A t 1 week and 2 weeks post operation, animals were 
anesthetized with 2% Nembutal (50mg/kg) intraperitoneally, perfused 
with 0.9% saline, followed by 4% PF fixation. A segment of the 
lumbar SC 2.0-2.5 cm long, which contained the lesion site, was 
taken out and stored in 4% PF at 4°C overnight. Longitudinal 10 
uiti thick sections of the SC were made on the cryostat。 
II。7。 Transmission electron microscopy 
Transmission electron microscopy (TEM) was conducted only in 
the groups with gelfoam implantation. Considerable healing of the 
lesioned SC tissue had normally occurred at 1 and 2 months 
post-operation, and the presence of the gelfoam was helpful in 
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demarcating the boundary of the lesioned area more clearly. 
Animals were anesthetized with 2% Nembutal (50 mg/kg) 
intraperitoneally. Cardiac perfusion was conducted with 0.9% 
saline followed by 4% glutaraldehyde fixative. A piece of lumbar 
SC, 2.0-2.5 cm long, containing the lesioned area was taken out for 
fixation in 4% glutaraldehyde in O.IM PB for 4 hours at RT. Fig.7 
shows the location of the various blocks of SC obtained for TEM 
with respect to the lesion site. The intact contralateral half of 
the SC was discarded. A sli^t depression marking the lesion site 
could be observed. At the middle of the depression, a cut was 
made. At 2 ram above, another cut was made, and a block of the SC, 
designated block 2, was obtained. Blocks 1, 3 and 4 were obtained 
in the same way. Every blodk was 2 ram in length, v^ich was optimal 
for T m processing. Blocks 2 and 3 usually had gelfoam and they 
represented the lesion site. Block 1 was designated rostral part 
and block 4, the caudal. 
These blocks were fixed with 4% glutaraldehyde in O.IM PB for 
another 4 hours and then rinsed with PB 3 times, each of 5 minutes 
duration. They were then postfixed with 1% OsO^ at RT for 1 hour 
followed by rinsing in distilled water. The process of dehydration 
was t h r o u ^ a sequential 15-itiinute washing in graded ethanols from 
70% to 100% followed by treatment in a mixture of 100% ethanol and 
Spurr. The ratio of absolute alcohol and Spurr was 2:1 for 1 hour, 
1:1 for 2-4 hours and 1:2 for 1 hour or overnight. Then blocks 
were immersed in pure resin for 8 hours or overnight, after which, 
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they were embedded in 70°C oven for 16 hours in fresh Spurr。 
The specimens were cut into ultrathin sections of thickness 80 
nm by an ultramicrotcame (Reichert-Jung) and mounted on copper grids 
of 200 mesh. The thin sections were stained with 1% saturated 
uranyl acetate solution for 15 minutes in the dark. They were 
washed in 50% methanol, dried on filter paper and stained with 
aqueous lead citrate for another 15 minutes. After rinsing in 
distilled water and dried, they were viewed under the Jeol JEM-100 
CX II electron microscope。 
II.8. Coitparison of expression of various proteins in the spinal 
cord 
Polyacrylamide gel electrophoresis 
The formulae for making the gels were obtained from 
P r o t e a n ™ II Slab Cell (Bio-Rad, California,U.S.A.) . The 10% 
separating gel was made up of 0.375M Tris, pH8.8, 30% acrylamide 
and N»N'-bis-inethylene-acrylaitiide(bis), 10% sodium dodecyl sulfate 
(SDS)^ 10% fresh ammonium persulfate and 0.0005% 
N,N,N, ‘N‘-tetramethylethylenediainine(TEMED) » The mixture for the 
separating gel was put into a casting stand with glass plates, 
covered with a layer of distilled water to prevent evaporation and 
allowed to polymerize for 45 minutes. After the separating gel had 
set, excess water was pipetted out. The mixture for the 40% 
stacking gel (0.125M Tris, pH6.8, containing 13% acrylamide and 
bis, 10% SDS, 10% fresh airanonium persulfate and 0.001% TEMED) was 
layered above and a comb inserted at the top. The comb was removed 
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after the stacking gel was set. 
Rats were anesthetized with 2% Nembutal (SOmg/kg) 
intraperitoneal injection. After perfusion with 0.9% saline, a 0.5 
cm long luinbar SC containing the lesion site, was dissected out. 
Intact spinal cord, not subjected to any lesion, was used in gel 
electrophoresis. The tissue was weighed and sonicated for 3 0 
seconds in TX-lOO lysis buffer (10 mM NaHzP^V H O m M NaCl, 50 
mM EDTA, 0.5% Triton X-100 pH 6.5), containing 1.89 g/ml 
a p r o t i n i n , 5mM benzamidine and iodoacetamide and imM 
I^enylmethanesulfonyl fluoride. Following centrifugation at 12,000 
g for 15 minutes, the supernatant was mixed with the sample buffer 
(62.5 mM Tris-HCl, pH 6.8, containing 10% glycerol, 2% SDS, 5% 
B-inercaptoethanol and 0.05% bromophenol blue) in the same volume 
and heated at 95^C for 10 minutes. 
Sairples were loaded at 15 ul to each well at a concentration 
of 0.26 ing/ul. Prestained SDS-PAGE Standards ranging from 49,000 
to 205,000 daltons (Bio-Rad, California, U.S.A.) were also applied. 
Electrophoresis was run at 200V for 45 minutes in the gel apparatus 
(model 200/2.0, power supply, Bio-Rad) with running buffer (25inM 
Tris, pH 8.3, containing 192 itM glycine, 0.1% SDS) diluted in 1:4 
in distilled water. For staining the gel, it was immersed in 
fixative (Coomassie blue 1 g/1, 40% methanol, 10% glacial acetic 
acid) for 30 minutes. Then it was destained with destaining 
solution (7.5% glacial acetic acid and methanol) for 1 hour to 
remove the background. 
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W e s t e r n blotting 
Unmunoprecipitated SC proteins were transferred from gel to 
nitrocellulose membrane in transblot buffer (25 mM Tris-base 
containing 192 應 glycine and 20% methanol) at 0.25A and lOOV for l 
hour. The membrane was cut into strips corresponding to the 
different lanes. The strips were incubated overnight at 4°C with 
specific monoclonal mouse anti-GFAP antibody (Sigma) • The antibody 
was diluted 1:400 in 0.1% TWeen 20 in Tris-buffered saline (100 mM 
Tris, 0.9% sodium chloride, pH7.5) . This buffer is called TTBS 
hereafter. Monoclonal mouse anti-NF antibodies (Sigma) were also 
applied in the same way. Neurofilament subunits of molecular 
w e i ^ t 68,000 and 160,000 were detected with specific antibodies 
against them. All the dilution used was 1; 100. Following 
overnight incubation with the various primary antibodies, the 
strips of membrane were rinsed with 3 changes of TTBS over 15 
minutes with gentle agitation and then transferred to the solution 
of biotinylated secondary antibody (Vector, California, U.S.A.) (1 
drop of stock in 10ml TIBS) • They were incubated for 30 minutes 
with gentle agitation and washed as above. Then the strips were 
transferred to the Vectastain ABC reagent (Vector) (2 drops of 
avidin DH mixed with 2 drops of biotinylated horseradish peroxidase 
H in 10 ml of TTBS immediately and allowed to stand 30 minutes for 
cottplex formation) • The strips were incubated in this solution for 
30 minutes with gentle agitation and rinsed as above. After that, 
it was transferred to the substrate solution [25 itig 
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diaininobenzidine(DAB), 16.67 ul of 30% hydrogen peroxide in 50 ml 
TTBS]。It was allowed to react for 1 minute. When the reaction 
was complete, bands of brown product could be seen on the strips. 
Controls were performed by incubating the strips in TTBS 
a l o n e , in the absence of the primary antibodies. 
Iinraunoblots were scanned by a Personal Densitometer (Molecular 
D y n a m i c s , CA) • 
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IIIo R e s u l t s 
I I I . 1. Survival of cultured astrocytes 
The cultured astrocytes were shown to survive well on the 
gelfoam by scanning electron microscopy. Astrocytes of various 
shapes were present on the gelfoam. Some were spherical, while 
others w e r e flat and polygonal in shape (Fig,8 and 9), 
I I I . Light microscopy 
H e m o t o x y l i n and Eosin staining 
Two w e e k s after lesion 
Two w e ^ after operation, traumatic necrosis marked by the 
presence of cystic cavities and degenerating tissue in the area 
around the lesion was more prominent in the HH than the HA group 
(Fig. 10 and 11) • Considerable numbers of macrophages, possessing 
v e s i c u l a t e d cytoplasm, were found in areas of necrosis, 
particularly in the control (HH) groi¥> (Fig. 12). Reactive gliosis 
was already apparent and was characterized by the presence of 
astrocytes vjhose elongated nuclei stained more heavily than those 
of normal astrocytes. They were more numerous in the HH than the 
HA groi:^ (Fig. 12) • Lynphocytes and blood vessels were occasionally 
found around the lesion site in both experimental and control 
g r o u p s . 
In the case of the HAG and HG groips,他ere a piece of gelfoam 
\«/as placed in the lesion site, red blood cells were seen to be 
trapped in the gelfoam spaces. Other cell types were also apparent 
but they could not be definitively identified. In the region of 
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the gelfoam, there were always more cells and fibres in the HAG 
than HG group (Fig. 13 and 14), Although fibres were not organized 
into bundles in both groi:^, they were more often observed to cross 
from the SC into the peripheral part of the gelfoam in the HAG 
group (Fig. 13). Thus the boundary between the gelfoam and SC was 
n o t as d i s t i n c t . 
In the 鄉erimental (HAG) group, fewer cystic cavities and 
glial like cells with pale staining cytoplasm were present in the 
area outside the gelfoam (Fig.13). 
One m o n t h after lesion 
In both HH and HA groi:^, cystic cavities and macrophages were 
reduced, compared to shorter survival times (Fig. 15 and 16). 
Lyitphcxytes were occasionally present in both groups. Decrease in 
the number of astrocytic glial cells was especially prominent in 
the HA group (Fig. 16) , while blood vessels became more numerous 
(Fig. 16), More fibres were found in the HA group, although they 
r e s e m b l e d collagen fibres (Fig.16). 
In the HAG and HG groi:^, fewer cells were found, compared to 
the 2 weeks post lesion animals. Phagocytic cells were not as 
easily observed as previously (Fig. 17 a and b) . Some surrounding 
tissues grew into the gelfoam and this was more prevalent in the 
HAG group. Among these tissues were nerve-like wavy fibres. 
Presence of blood vessels was more obvious in the HAG group 
(Fig. 18a). At the same time, a mixture of fibres composing both of 
disorganised and organised profiles appeared in the HAG group 
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(Fig。18b), They resembled new nerve fibres。 
Two m o n t h s after lesion 
At 2 months after lesion, the size and number of cystic 
cavities in both HA and HH groups had decreased dramatically, 
particularly in the HA (Fig. 19 and 20) • Similarly, the number of 
macrophages and lymphocytes was also reduced, while blood vessels 
were more prcxninent in the HA group (Fig. 19) • Also more organized 
fibres were found in the HA group extending into the lesion area。 
In the HAG and HG groups, much of the gelfoam had been 
resorbed by 2 months after surgery (Fig. 21 and 22), Fewer 
macrojtoges and glial cells were present around the lesion site 
than before. At this time, the control (HG) group still appeared 
to have sli^tly more cavities and gliosis around the lesion area 
(Fig. 22) than the HAG groi:^ vidiich had more nerve like fibres in the 
region (Fig. 21). In the area around the original location of the 
gelfoam, same of these fibres were parallel to the axis of the SC。 
In contrast, v^ere nerve like fibres were present in the HG group, 
they were more likely to be less organized and criss cross each 
o t h e r . 
Table 1 summarizes the morphological observations on the 
experimental (HA and HAG) and control (HH and HG) groups from 2 
w e e k s to 2 months after surgery. 
Toluidine Blue staining 
One month after lesion 
Toluidine Blue staining revealed the presence of myelinated 
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axons 他ich could not be observed with H & E staining. Part of the 
gelfoam was still present in the HAG group (Fig。23) • There were 
more cells and nerve-like bundles in the gelfoam, compared with 
those of the HG group (Fig.24) • On the other hand, spaces were 
m o r e e v i d e n t in the gelfoam of the HG group (Fig.24)。 
T w o m o n t h s after lesion 
Mich of the gelfoam had resorbed in both the HAG and HG groups 
at 2 months after surgery. There were a few cavities v^ile much of 
the area shows extensive infiltration of various types of tissue. 
Myelinated and unmyelinated fibers were found in the region 
(Fig。25)。 
Based upon these observations, we can conclude that the 
morphological changes indicate a general reduction of tissue 
scarring over time with the emergence of nerve-like fibres in the 
area around the lesion after implantation of astrocytes. Tissue 
s c a r r i n g w a s often more extensive in the control groups« 
P H A L labelled astrocytes 
Observations on the location of PHAL labelled astrocytes were 
made 1 and 2 weeks following injection. In the group in v^ich PHAL 
labelled astrocytes were cultured on gelfoam and then implanted, 
the astrocytes migrated rostrally and caudally out of the gelfoam 
and were 4。0 ram into the SC 1 week post inplantation. Usually more 
PHAL labelled astrocytes were present in the region of the SC 
caudal to the lesion (Fig.26). In subsequent week, they migrated 
at about the same rate further away from the site of injection» 
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The length of the SC traversed by the astrocytes was about 0.6 
mm/day. The astrocytes normally did not migrate across to the 
contralateral unlesioned side. in those specimens where 
PHAL-labelled astrocytes were introduced as a cell suspension, by 1 
week the cells had migrated more than 4.0 mm away from the 
injection site. Hence, the results suggest that adherence of 
astrocytes to gelfoam retards their migration. 
Iitmiunofluorescence staining 
N - C A M 
N~CAM is ejqDressed by developing and cultured astrocytes, but 
its expression is normally down regulated in the mature cell 
(Qiuong et a l” 1984; Wong, 1991). Nevertheless, it has been found 
that at sites of nerve injury or repair, its expression can be 
reinduced (Martini and Schachner, 1988) , The reasons for this 
reinduction remain unknown. 
TWO w e ^ post lesion, in the HA specimen, there were a few 
N-CAM positive cells around the lesion site (Fig.27) • These cells 
were probably the cultured astrocytes that had been introduced by 
injection, because double labelling with GFAP showed that the 
N-CAM-positive cells also express GFAP (Fig.28) . Many implanted 
astrocytes appeared to have migrated further away from the original 
site of injection. Surprisingly, sane b r i ^ t N-CAM labelled cells 
were also observed in the control HH group (Fig.29) . Since no 
cultured astrocytes had been introduced in this group, the existing 
N-CAM expression suggests that there could possibly be some 
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reinduction of N-CAM 卿ression in some cells. Similarly, there 
were also N-CAM positive cells in the gelfoam in the HG and HAG 
g r o u p s , w i t h the density in the experimental group being 
considerably higher (Fig. 30 and Fig.31). Although some of them 
have migrated out rostral and caudal to the lesion site, the 
results indicate that the cultured astrocytes still retained their 
i n v i t r o p r o p e r t y of expressing N-CAM up to 2 weeks of 
i m p l a n t a t i o n . 
Two m o n t h s after lesion in the HA and HH g r o u p s , no 
N-CAM-positive cell bodies were detected around the lesion site. 
However, diffuse staining for N-CAM was found around the original 
lesion (Fig.32 and 33) . Generally, iiranunoreactivity was more 
intense in the HA gro叩 in v^ich iinmunoreactivity could sometimes 
be observed on fibrous elements. In one specimen, N-CAM staining 
was particularly intense in the peripheral part of the SC near the 
lesion where some blood vessels were located. The staining 
outlined the lumen of the blood vessels and the surrounding fibers 
(Fig. 32)。 The N-CAM positive fibers were probably n e u r i t e s . 
Quite similar observations were found in the HAG and HG groups 
2 months after lesion, as evidenced by the diffuse N-CAM staining 
around the lesion (Fig.34 and 35) . A g a i n , the staining was 
s l i g h t l y m o r e intense in the experimental (HAG) g r o u p . 
Interestingly, in one (HG) specimen in which blood vessels were 




GFAP immunofluorescence stains for astrocytes and reveals the 
possible existence of astrocytic gliosis. In the control group 
(HH), intense staining particularly around cavities was revealed at 
two weeks post surgery, in addition to more diffuse staining 
else\«^ere (Fig. 36) . The experimental group (HA) seemed to have 
less intense staining (Fig.37) • In the gelfoam implanted groups 
(HG and HAG), a similar pattern of comparatively reduced staining 
for GFAP in the experimental group was also obtained (Fig. 38 and 
39) • This was soinev^at surprising in view of the fact that the HAG 
group had cultured astrocytes, which are GFAP—positive, in the 
gelfoam and also that there was more ingrowth of tissues into the 
gelfoam spaces after two weeks. The staining pattern suggests that 
itiuch of the tissue that had grown into the gelfoam was not 
astrocytic gliosis. 
TWO months after surgery, staining intensity for GFAP around 
the lesion site was reduced in both HA and HH groups. It was not 
possible to distinguish one group from the other. The same can 
also be said for the HG and HAG groups in which GFAP became 
localized within the remnants of the gelfoam and a narrow rim of SC 
tissue surrounding the gelfoam (Fig.40), 
NF 
Two weeks after surgery, in the experimental groups of HA and 
HAG, NF-positive fibres could be observed in the lesion site。 The 
fibres were irregular and appeared in a meshwork (Fig.41) • More 
distant from the lesion site, these fibres were more regularly 
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arranged as fascicles and were more prominent caudal to the lesion 
(Fig.42)» The experimental groups appeared to h a v e m o r e 
NF-positive fibres although these were also observed in the control 
g r o i ^ (Fig. 43 and 44). The presence of NF-positive fibres in the 
experimental groups could be observed as far as 1 month and 2 
months after surgery (Fig.45) and the fibres were usually more 
n u m e r o u s in the experimental groups. 
During the course of immunofluorescence staining, the presence 
of autofluorescent cells was consistently observed (Fig. 46) in the 
lesion site in all rats and at all time points. The phenomenon of 
autofluorescence could be a consequence of either the high number 
of lysosomes or lipofuchsin granules in some cells. It is not 
c l e a r w h a t functional role these cells p l a y . 
III。 3. Transmission electron microscopy (TEM) 
O n e m o n t h after lesion 
Transmission electron microscopy of blocks 2 and 3 (containing 
the gelfoam) in the HG and HAG groups showed that the area 
possessed a lot of fibroblasts in the midst of collagen fibres 
(Fig. 47 and 48). The fibroblasts were characterised by expanded 
rou咏 endoplasmic reticulum. At this stage, many phagocytes were 
observed in the HG groi:?). They were in the process of engulfing 
g e l f o a m and the perikaryon contained lysosomes (Fig.49). 
Phagocytes were comparatively less frequently observed in the HAG 
groi:^ and they were usually found in close association with the 
gelfoam matrix (Fig. 50) • There were few bundles of neurites in the 
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control and es^imental groups. Occasionally, neurites with lots 
of neurofilaments inside were ensheathed by glial-like cells 
(Fig.51). In addition to neurites, clusters of myelinated axons 
interspersed with umryelinated axons could be observed in the HAG 
group (Fig.52). Interestingly, vtei blood vessels were observed, 
they were often in the vicinity of myelinated axons (Fig. 53) • Well 
defined synapses were not observed although in some instances 
electron dense regions were present between two apposing processes 
containing vesicles, perhaps suggesting the early formation of 
synapses (Fig.54). 
Two months after lesion 
In blocks 2 and 3 of the experimental HAG group, a large 
number of both ityelinated and unmyelinated nerve fibres was found. 
Same of the unmyelinated fibres were axons as evidenced by the 
presence of microtubules while others appeared to be less 
differentiated neurites as indicated by the presence of large 
numbers of neurofilament (Fig. 55). Synapses between axon terminals 
and dendrites were also found (Fig.56). 
In the control (HG) group, 2 months after lesion, myelinated 
nerve fibres were also present. However, many of them appeared 
abnormal because the axon ensheathed within were either 
degenerating or shrunken (Fig. 57). Consequently large spaces were 
found within the ityelin sheath which was often distorted into odd 
shapes。 Also, layers of the myelin sheath were disrupted at 
certain sites. Synapses were less frequently observed in the 
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control (HG) group„ 
In block 4 (caudal to lesion), normal looking bundles of 
neurites with synapses were more easily seen in the experimental 
(HAG) than control (HG) group (Fig.58 and 59). On the other hand, 
itYelinated axons were less frequently observed in the experimental 
group (Fig. 58). Same of the ittyelinated axons in the control group 
appeared to be degenerating (Fig.59) , and very few synapses were 
o b s e r v e d . 
Carrpared to block 4 ultrastructural observation of block 1 of 
experimental and control groups showed a lower density of neurites 
and both myelinated and unmyelinated axons. Synapses were not 
observed。 
III.4. Determination of the volume of scar tissue 
The voluine of scar tissue in the various groups at different 
time post surgery is shown in Fig. 60. The volume of scar tissue at 
the lesion site decreased from 2 weeks to 2 months after surgery in 
all groups. The rate of reduction for experimental and control 
groups is similar. That is, 20-fold decrease in the HA and HH 
groups 夕 and 14-fold decrease in the HAG and HG groups. But at the 
very beginning 2 weeks post operation, the volume of scar tissue in 
HA and HAG groups was already significantly reduced, compared with 
their respective controls. So at all time points after surgery, 
the volume of scar tissue at the lesion site was decreased in the 
ej^erimental groups and was consistently less than that in the 
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control groups. Therefore, the evidence indicates that the 
implanted astrocytes had little to do with the rate of reduction in 
scar tissue from 2 weeks to 2 months post operation. But somehow 
they did exert the effect in limiting tissue scarring within the 
first two weeks following injury. 
Ill.5. Gel electrophoresis 
Various molecular weight (MW) bands of proteins in the 
experimental and control groups at 2 months after operation were 
detected. Distribution of the protein bands from the HA and HH 
groups were similar to that from the normal SC (Fig. 61 and 62) • 
Most prominently were two protein bands corresponding to molecular 
w e i ^ t s 180,000 (a in Fig.62) and 130,000 (b in Fig.62) , followed 
匆 a series of protein bands ranging from 80,000 to 35,000 daltons 
(c to d in Fig.62). 
I I L 6 . Immunoblotting and densitometry 
Since the gel electrophoresis only shows the distribution of 
proteins according to molecular weight (MW), two proteins having 
the same MW could precipitate in one band. In order to obtain 
further resolution of proteins, Western blotting was used. 
Densitometry tracings showed that there was a comparatively lower 
quantity of GFAP in the HA (Fig.63), i.e. 37% of control value 
(Fig• 64 and 65). Since GFAP is esq^ressed by astrocytes, the lower 
value in the HA group suggests that there is less reactive 
astrogliosis. 
Antibody against NF 68 and 160 kd was applied to the HA and HH 
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groups. Experimental evidence in CNS and PNS neurons shows that 
the smaller subunit usually appears before the larger subunit 
during development (Garden et al., 1987; Figlewicz et a l ” 1988). 
Darker and broader bands of both NF 68 and 160 kd were found in the 
HA g r o u p , compared with that in the HH group (Fig.66). 
Densitometry tracings of these bands confirmed that the 
experimental group had inore NF 68 (155% of control) (Fig.67 and 68) 
and NF 160 (124% of control) (Fig. 69 and 70)。This indicated that 
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Schematic drawing of t h e Sensory and Motor pathways at L3 
spinal cord. 
[Diagram redrawn from Vahlsing and Feringa (1980)； Grant 1985; 
Tracey 1985; Zhang 1986] 
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F i g . 2 . Hemisection with cultured astrocyte suspension injected 
(arrowhead) at the time of lesion (HA)• 
Fig«>3, Hemisection with immediate implantation of gelfoam 
(arrowhead) containing astrocytes (HAG)• 
The median dorsal artery serves as a landmark for the medial edge 



















F i g . 4，HA, 2 months post lesion. The dotted line demarcates the 
boundary of the scar tissue. Bar = 24 um. 
F i g . 5 , HG, 2 months post lesion. The dotted line demarcates the 
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Astrocytes labelled with plant lectin Phaseolus vulgaris 









schematic drawing showing the designation of various blocks of 
spinal cord in relation to the lesion 
^ ^ ^ ^ Rostral 
A 
1 Segment length: 2 mm 
— — — — — — — — — - > 
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M、cW〉、这《、：於! Y ： 
^ i p i a 衝：、3 
4 
^ ^ Caudal 
S h a d e d a r e a i n d i c a t e s o r i g i n a l l o c a t i o n of g e l f o a m 
F i g . 8 a n d 9.Scanning electron microscopy shewing the presence of 
cultured astrocytes on gelfoam 4 days after plating • 
Astrocytes of various shapes are p r e s e n t on t h e 
gelfoam. Some are spherical (arrowheads) , w h i l e 
others are flat (arrows) in s h a p e . B a r = 5 um 
(Fig.8)； Bar = Sum (Fig.9) 
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mwM 
Fig.10 (Upper left) and Fig. ii (Upper r i g h t ) . 
HH, 2 weeks post lesion. Traumatic necrosis is marked by the 
presence of cystic cavities (C) and degenerating tissue in the 
area around the lesion. Large numbers of m a c r o p h a g e s 
(arxo^ead), possessing vesiculated cytoplasm, are found in 
the area of necrosis. Reactive astrogliosis is already 
a p p a r e n t . Bar = 32 u m . 
F i g . 12 HA, 2 w e ^ after lesion. There are fewer macrophages and 
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F i g . 13 .HAG, 2 weeks after lesion. Compared to the control (HG) 
lesion site contains, more cells and disorganized fibres 
(F), fewer cystic cavities and glial like cells with pale 
staining cytoplasm. G represents gelfoam. Bar = 29 urn。 
Fig.l4.HG, 2 weeks after lesion。Fewer cells and fibres (F) , and 
more cystic cavities and astroglial cells are observed in 




Fig.15.HH, 1 month after lesion. Cystic cavities and macrophages 
are reduced. Arrow indicates fibroblast« Bar = 29 狐 
F i g . 1 6 . H A , 1 m o n t h after lesion。 
(a) There is decrease in the number of astrocytic glial cells 
耐le blood vessels (b) become more numerous. Bar = 10 um。 
(b) Fibres (F) resembling collagen fibres are found. Bar = 29 
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Figol7aHAG, 1 month after lesion. The number of phagocytic cells 
(arrowhead) decreases with t i m e . Bar = 29 uitu 
F i g . l 7 b H G , 1 month after lesion. The number of m a c r o p h a g e s 
(arrowhead) decreases with time. Bar = 29 u m . 
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Fig.lSaHAG, 1 month post lesion. Nerve like wavy fibres are 
present. Presence of blood vessels (b) is more obvious 
than in the control group。 Bar = 2 9 u m . 
Fig.lSbHAG, 1 month post lesion. A mixture of fibres (arrow) 
corposing both of disorganized and organized profiles are 
apparent in this area. They resemble new nerve fibres. 



















Fig.19 H A , 2 m o n t h s after lesion. Bar = 29 u m . 
F i g , 2 0 H H , 2 m o n t h s after lesion. 
Ihe size and number of cystic cavities in both groups have 
decreased dramatically, particularly in the experimental 
groi^. Blood vessels (b) are more prominent in the HA group 
too. In addition, more organized fibres are found in the 
ejqDerimental group extending into the lesion site. Bar = 29 
u m . 
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Fig。21 H A G , 2 m o n t h s post lesion. Bar = 29 um。 
Fig.22 H G , 2 m o n t h s post lesion. 
m c h of the gelfoam is resorbed in both groups, HAG has more 
nerve like fibres (F) parallel to the axis of the spinal cord 
in the region of injury while HG still appears to h a v e 
slightly more cavities and gliosis (arrw) • The nerve fibres 
in HG are less organized and criss cross each other. Bar = 29 
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F i g . 2 3 ( l e f t ) H A G , 1 month post lesion。 
F i g . 2 4 ( r i g h t ) H G , 1 month post lesion. 
Toluidine blue staining. Jtyelinated fibres (arrowheads) are 
present in both groups. Fibres are prominent in the HAG group 
w h i l e s p a c e s can be found in the HG g r o u p . Bar = 25 u m . 
F i g . 2 5 (Lower)HAG, 2 months after lesion, Toluidine blue staining。 
m c h of gelfoam is resorbed and there are few cavities left。 
Various types of tissue are observed. Myelinated fibres (n) 
are p r e s e n t . Bar = 12 u m . 
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Fig23, 24 and 25 
F i g . 26 Astrocytes (A) labelled with PHAL are found in region 
caudal to lesion at one w e ^ after implantation» Bar = 29 






Fig,27 HA, 2 weeks after lesion. N-CAM staining. There are a few 
N"GAM positive cells (arrowhead) around the lesion site. 
B a r = 29 u m . 
F i g . 28 HA, 2 weeks after lesion. Double labelling with anti-GFAP 
and anti-N-CAM. The N-CAM positive cells are also shown to 
ej^ress GFAP (arra«^ead)。However, not all GFAP positive 
t i s s u e s are stained for N - C A M . Bar = 29 mn。 
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F i g . 29 HH, 2 w e ^ after lesion. N-CAM staining. Some bright 
N"GAM labelled cells (arro^eads) are observed^ These may 
be cells vihich have been reinduced to express N-CAM, Bar 




F i g . 3 0 HG, 2 weeks after lesion, N-CAM staining. There are 
N - C A M p o s i t i v e cells (arrowhead). Bar = lis u m . 
F i g . 31 HAG, 2 weeks after lesion. The density of N擊CAM positive 
cells (arroyieads) is higher than that of the HG group. 
B a r = 118 um。 
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Fig.32 (HA) and Fig.33 (HH), 2 months after lesion. 
Diffuse N-CAM staining is detected around the original lesion 
site in the HA and HH groups, with cortparatively more intense 
reaction in the experimental group, particularly around blood 





Fig.34 (HAG) and Fig.35 (HG), 2 months after lesion. 
Figures show diffuse N-CAM staining (arrowheads) around the 
lesion area。 The staining is slightly more intense in the 





Fig.36 (HH) and F i g . 37 (HA), 2 weeks after lesion, 
GFAP staining， Intense staining for GFAP (arrowheads) is 
located around the lesion site. Staining was most prominent 





Fig.38 (HG) and Fig. 39 (HAG), 2 weeks after lesion. 
Corpared with the control groi:^ (Fig. 38), reduced staining for 
GFAP (arro^eads) is observed in the experimental HAG group. 
Bar = 29 u m . 
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F i g . 40 HG, 2 months after lesion. Labelling intensity for GFAP 
(arrcMieads) around the lesion area is decreased. Bar = 




Fig.41 HA, 2 weeks after lesion 0 NF positive fibres (arrowheads) 
in the lesion site. The fibres are irregular and appear 
in a rneshworko Bar = 29 urn. 
Fig.42 HA, 2 weeks after lesion" NF p::>Sitive fibres (arrowheads) 






響 i l l 
F i g . 43 HG, 2 weeks after lesion. HG group has fewer NF positive 
fibres (arrowheads) in the lesion site than the 
e x p e r i m e n t a l group. Bar = 29 u m . 
F i g . 44 HG, 2 weeks after lesion。NF positive fibres (arrowheads) 
are evident in region caudal to lesion. Bar = 29 rnn。 
-86 -
a 騰 
Fig .. 45 HAG, 2 months after lesiono NF positive fibres 
(arrowheads) are usually more numerous in the experimental 








Fig.46 HAG, 2 weeks after lesion. The presence of 
autofluorescent cells is consistently observed 
(arrowheads) at the lesion areao Bar = 29 UIDo 
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Fig .. 47 HG, 1 month after surgery.. Fibroblast containing dilated 
rough endoplasmic reticulum (arrowheads), is found 
interpersed among collagen fibres (C).. Bar = 0.8 um .. 
Fig .. 48 HAG, 1 month after surgery.. Fibroblast with expanded rough 
endoplasmic reticultnn (arrowheads) in the lesion site.. Bar 
= 0.5 um .. 
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F i g . 49 HG, 1 month after lesion。Macrophage containing lysosomes 
engulfs gelfoam (arrowheads). Bar = 0 . 8 u m . 
F i g . 50 HAG, 1 month after lesion. Phagocyte located near gelfoam 
(arrowhead), with several lysosomes contained in the 
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F i g . 51 HG, 1 month after operation» Bundle of neurites (N) is 






 . . .































F i g . 52 HAG, 1 month after operation. Clusters of 專elinated axons 
(M) are interspersed with unmyelinated axons (U) in the 
lesion a r e a . Bar = 0.4 u m . 
F i g . 53 HAG, 1 month after operation. Blood vessels (b) are 
visible at the vicinity of iryelinated axons (M) • Bar = 0.8 
u m . 
F i g . 54 HAG, 1 month after operation. Electron dense region 
(arrowheads) is present between two apposing processes 


























F i g . 55 HAG, 2 ironths post surgery, in the lesion site, there are 
unmyelinated fibres containing microtubules (arrowhead) 
while neurites (n) possess numerous neurofilaments, M 
r e p r e s e n t s myelinated fibres。 Bar = 0 , 5 u m . 
Fig。56 HAG, 2 months post surgery. Arrowhead indicates synapse。 
B a r = 0o9 u m . 
F i g . 57 HG, 2 months post surgery. In the lesion site, myelinated 
fibres (M) are observed and some of them are abnormal 
(arrowheads). Bar = 0.9 u m . 
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Fig.58HAG, 2 months after lesion. Nerve fibres (n) with synapses 
(arrows) are more numerous in region caudal to lesion. 
Myelinated fibres (M) are also observed. Bar = 0.5 im。 
Fig.59HG, 2 months after lesion. Lots of abnormal looking 
myelinated axons (M) are present in region caudal to 
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Fig.eiLane 1: molecular weight standards (49,000 - 205,000 
daltons) ； Lane 2: phosphate buffer; Lane 3; suspension from 
intact spinal cord. 
F i g . 62HA and HH gel electrophoresis 2 months after surgery• Lane 
0 and 9s phosphate buffer. Lane 1 and 8: molecular weight 
standards (49,000 - 205,000); Lane 2, 3, 4: HH group; Lane 
5, 6, 7: HA group, a: m = 180 kd. b: MW = 130 k d。 c : MW 
= 8 0 k d . d: MW = 35 kd« 
Distribution of the protein bands from the HA and HH groups 
is similar to that from the intact spinal c o r d . 
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F i g . 63Immunoblotting in HA and HH 2 months after lesion. Lane i 
and 8: m o l e c u l a r w e i g h t s t a n d a r d s (49,000 - 205,000 
daltons) ； Lane 2 : HA, without primary antibody to GFAP; 
Lane 3: HA, GFAP staining (arrowhead)； L a n e 4 and 5: 
r^osftete buffer; Lane 6: HH, GFAP staining (arrowhead); 
L a n e 7: H H , w i t h o u t p r i m a r y a n t i b o d y to G F A P . 
There is a comparatively lower quantity of GFAP in the HA 
g r o u p . 
F i g . 66Immunoblotting for NF 68 and 160 kd in HA and HH 2 months 
after lesion. Lane 1 and 10: phosphate buffer; Lane 2 and 
9: molecular weight standards (49,000 - 205,000 daltons)； 
Lane 3: HA, NF 160 kd (arrowhead) ； Lane 4: HA, NF 68 kd 
(arrowhead) ； Lane 5 and 6: mouse ascites fluid; Lane 7: HH, 
NF 68 kd (arrowhead) ； Lane 8: HH, NF 160 kd (arrowhead). 
Darker and broader bands of both NF 68 kd and 160 kd are 
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F i g 6 4 Densitometry tracing of GFAP in the HA group. 
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F i g 6 5 Densitometry tracing of GFAP in the HK group. 
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F i g 6 7 Densitometry tracing of NF 68 in the HA group. 
2.20i 
i A 
z。。丨 ！ 1 
1.801 / 
！ I n . 
1.601 J 丨 I 人 I 
i , ： kf 
^ • • ' • ‘丨丨 T I _ • I I 
Peak pixel value: 2.182; Volume: 36.22 
• • • • • • I • • • • • • ! • I I I _ i i i • i i i i M » i i i m r r t r i n i n l ? ^ 




1.80 i I i 
； / \ 
， / 
' ' ' ' ' ' ' ' ' • ‘ ‘ I '''''''•''•'•'''•'• I ' I • I • I' I I ''i • I • I • I • I 
Peak pixel value: 1.982/ Volume: 23.39 
Mill II 11 i___ III III III! nTffii 
I 
Fig69 Densitometry tracing of NF 160 in the HA group. 
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Fig70 Densitometry tracing of NF 160 in the HH group. 
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Table 1. Morphological observations on the H & E Staining in the 
experimental (HA and HAG) and control (HH and HG) groups from 2 weeks to 2 
m o n t h s after surgery 
HA H H — S K ^ 
Tissue M o s t ‘ M^^ 
n e c r o s i s pro.inent extensive prominent in = = = 
二二“ — — 
time periods time 
~ ~ ~ N u m b e r of Considerably Number of Slightly 
phages macrophages more macrophages m c ^ ^ ^ ^ ^ s than 
decreased macrophages d e c r e L e d HAG; 
with time than HA, with time Number decreased 
decreased with time 
with time 
Gliosis Number of More Gliosis Gliosis 
astrocytes numerous decreased decreased with 
decreased; glial cells with time at time 
More than in HA; a greater 
collagen- Number extent than 
like fibres decreased HG 
at 1 and 2 with time 
months 
Blood Scarce at 2 ~ V e r y few Very few Very few blood 
vessels weeks; blood blood vessels 




Nerve- Organized Nerve-like More Nerve-like 
into bundles fibres numerous fibres were 
fibres and extended rarely well- disorganized 
into lesion observed organized 
site nerve-like 
observed as fibres 
early as 2 especially at 
weeks after 2 months 
lesion after lesion 
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IV. Discussion and conclusions 
This study has studied the histological and biochemical 
response of the adult rat spinal cord from 2 weeks to 2 months 
following hemisection. Rats in the experimental groups had 
cultured astrocytes introduced into the lesion site either in the 
f o m of suspension injection (HA) or they were first cultured on 
gelfoam and implanted (HAG). In all rats, experimental and 
control, morphological observations showed that following lesion 
there was degeneration of neuronal tissues accompanied by the 
infiltration of phagocytes. Cystic cavities formed and 
astrogliosis followed soon after. However, it was noted 
histologically that the experimental groups appeared to undergo 
less massive degeneration and astrocytic gliosis. This was 
confirmed by (1) the volume measurements which showed that the 
amount of scar tissue in the experimental groups was always less 
than that of the control at all time points； (2) the western 
blotting v^ich demonstrated reduced GFAP in the experimental group 
(HA) • Immunofluorescence staining showed that neurites were 
present as early as 2 weeks after lesion. Their presence was 
confirmed hy ultrastructural observations which demonstrated that 
synapses could be found in the experimental group (HAG) 2 months 
after lesion. Synapses were not as easily observed in the control 
group (HG)• Results of western blotting showed increased 
expression of NF 68 and 160 in the experimental group (HA), 
suggesting that there were more nerve fibres present. 
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One of the findings in this study is that tissue scarring in 
ejqjerimental animals was consistently less than that of control and 
the discrepancy was already apparent 2 weeks after lesion. The 
similar rate of scar reduction in all groups suggests that the 
iitplanted cultured astrocytes probably had little direct effect in 
promoting recovery of injured tissue over a prolonged period. This 
notion is supported also by the finding that the implanted 
astrocytes migrated quite extensively in the SC, at a rate of about 
0.6iran/day. The rate is quite similar with that obtained by 
Goldberg and Bernstein (1988) who showed that PHAL-labelled 
astrocytes migrated at a rate of about 0.72inm/day in the adult rat 
thoracic spinal cord. The results thus suggest that the effect of 
the iitplanted astrocytes probably occurs over a short time course, 
perhaps within a few days, soon after introduction into the lesion 
site. Its influence over this short period of time, however, is 
sufficient to result in the decreased tissue scarring observed at 
two weeks post lesion. 
Evidence from several previous studies do indeed strongly 
indicate that this is the case (e.g. Ferrara et al., 1988; Giulian 
et a l” 1988, 1993). Previous studies have shown that astrocytes 
and microglia which are stimulated to become phagocytes during 
injury (Giulian, 1987) release factors which act on each other as 
well as neighbouring neurons. It is within the first week of 
spinal cord injury that there is maximal infiltration of phagocytes 
and removal of cell debris (Curtis et al., 1993) . Astrocytes 
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produce neurotrophic factors such as basic fibroblast g r o ^ h factor 
(bFGF) and ciliary neurotrophic factor (CNTF) (Ferrara et a l” 
1988; Rudge et al., 1985) while microglia produce a variety of 
cytokines and degradative enzymes (North, 1978) • m addition to 
producing substances with opposing actions, they also secrete 
mitogens to stiinulate each others' division (Giulian and Ingeman, 
1988) • However, inspite of these divergent effects, a recent study 
has shown that astrocyte-released factors if present at a 
sufficiently high concentration, can counteract the neurotoxic 
effects of microglia (Vaca and Wendt, 1992) • it is possible that 
in this study the iitplanted astrocytes played a positive role in 
counteracting the deleterious effects of microglia and thus reduced 
the amount of degeneration and scarring. 
It should be noted that not all the secretions produced by 
microglia may be interpreted as inhibitory to neurite growth. 
Interleukin 1, which is produced by microglia and cultured 
astrocytes (Giulian, 1987) has been shown to promote 
neovascularization (Giulian et a l ” 1988), This could well be 
significant in neuronal recovery because in this study the presence 
of blood vessels was consistently found in the HA groi:^ as verified 
by routine light microscopy and immunofluorescence. The 
immunofluorescence staining also demonstrated the presence of N-CAM 
on the perijdiery of these blood vessels; N-CAM is well known as a 
neurite promoting molecule (e.g. Neugebauer et al., 1988; Persohn 
et a l ” 1987) . At the same time ultrastructural observations 
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showed that axons, particularly ityelinated ones, were found in the 
vicinity of blood vessels. Taking together these findings, it is 
tenpting to speculate whether the implanted astrocytes may have 
contributed to the neovascularization and hence indirectly helped 
in neurite growth. Interestingly, in a recent study Curtis and his 
colleagues (1993) found that early axonal elongation following sc 
ccarpression was also preferentially associated with newly formed 
capillaries. 
Transmission electron microscopy and immunofluorescence 
staining for neurofilaments demonstrated that most of the neurite 
growth was found in a region of the SC caudal to the lesion. It is 
likely that these neurites are ascending sensory fibers which are 
attempting to regenerate. Support for this notion can be found in 
the results of a study by Martin et al (1991) • They demonstrated 
that cultured Schwann cells iirplanted into a compression lesion of 
the adult rat SC promoted axonal regrowth mostly from dorsal root 
ganglion cells, not from descending fibres• It could be that 
sensory fibres intrinsically have a greater potential to regenerate 
than descending motor fibres. On the other hand, one cannot rule 
out the possibility that the preferred caudal migratory route of 
introduced astrocytes can alter the microenvironment such that the 
region of the SC immediately caudal to the lesion becomes more 
permissive to neurite growth. 
Iinraunofluorescence staining for N-CAM in this study showed 
that there was some reinduction of N-CAM expression in the region 
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around the lesion with slightly itore staining in the experimental 
groups. This finding agrees with previous reports which showed 
that regenerating sciatic nerves increase their 鄉ression of N-CAM 
(Martini and Schachner, 1988)• 
The secretion of neurotrophic factors from cultured astrocytes 
and their ability to promote neurite growth has been well 
documented in previous in vitro studies (Rudge et a l ” 1985; 
Ferrara et al., 1988; Martin, 1992). Furthermore, Geisert and 
Stewart (1991) found that astrocytes purified from neonatal rat 
cortex elicited longer neurites from neurons than those purified 
from the adult rat cortex. These in vitro studies show a direct 
neurotrophic effect of the cultured astrocytes. Although this 
s>txi6y has utilized astrocytes cultured from neonatal rat cortex, it 
is uncertain v^ether the relative increased neurite growth in the 
e>$)eriinental rats can be directly attributed to the neurotrophic 
effect of the implanted astrocytes. One major reason for this 
doubt is the finding that the implanted astrocytes migrated both 
from the original site of injection and also the gelfoam. Perhaps 
a wore, convincing explanation is that the experimental rats had 
less tissue scarring, evident as early as 2 weeks post lesion (cf 
III.4), and this represents less of a barrier to neurite growth. 
Hence an iirportant subject for further investigation would be the 
effect of the cultured astrocytes in the lesion site within the 
first two weeks following lesion。 
In conclusion, the results of this study indicate that there 
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is some therapeutic value in implanting cultured astrocytes in 
hemisected adult rat SC as evidenced by the decreased tissue 
scarring and increased nerve fibre growth in the experimental 
rats. An advantage in using cultured astrocytes is that the cells 
can be produced easily in large quantities. However, it is 
uncertain v^ether these cells retain their original properties as 
in the in vitro state, or if they are able to survive for long 
periods。Further investigation is needed to address these 
questions. Also, future studies could look into the cellular 
interaction between the iirplanted astrocytes and other cells in the 
SC, particularly in the first week following hemisectioru 
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